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– Resource data model
– Architecture
• Terrain analysis and TauDEM in 
OpenTopography and CyberGIS






The challenge of increasing Digital Elevation Model 
(DEM) resolution
1980’s  DMA  90 m
102 cells/km2
1990’s USGS DEM  30 m
103 cells/km2
2000’s NED 10 m
104 cells/km2









• From dispersed federal agencies














GIS• The way that data is stored can 
enhance or inhibit the analysis that 
can be done
• We need ways to organize the data 
we work with
• Data models
Data intensive models to understand and examine 
consequences, impacts and effects of land surface 
and climate changes 
From Larry Band
A digital divide






Do you have the access or know how to take advantage of 
advanced computing capability?
Data and Software Services
HydroShare Goals
• To provide a cyberinfrastructure platform for hydrologic 
research to solve problems of size and scope not otherwise 
solvable using desktop computing through
– Software as a service
– Data as a service
– Models as a service
– Visualization and analysis services
• To enable more rapid advances in hydrologic understanding 
through collaborative data sharing, analysis and modeling
• To address community cyberinfrastructure needs
HydroShare is a collaborative environment (being 
developed) for data sharing, analysis and modeling
• Share your data and models with 
colleagues
• Manage who has access to the content 
that you share
• Share, access, visualize and manipulate a 
broad set of hydrologic data types
• Sharing and execution of models
• Web services API to facilitate automated 
and client access to almost all functionality
• Access to and use of high performance 
computing





iRODS “Network File System”
API
Our goal is to make sharing of hydrologic data and models as 








• Sharing and publication of data
• Social discovery and added 
value
• Model sharing
• Model input data preparation
• Model execution












HydroShare is a system for sharing 
Resources and Collaborating
• Files and sets of files structured to represent a 
hydrologic process, model, or element in the 
hydrologic environment
• Standard data models enhance interoperability 
and support functionality “hydro value added”
• Tools that act on resources to visualize, modify 
and create new resources
– Encode standard/best practices
• Access control and sharing model 
Types of data to support as resources
Resource Types
• Generic  
• Geographic Raster 
• Time Series 
• Multidimensional Space Time 
dataset 
• Model program 
• Model instance 
• Geographic Feature set 




• Sample based observations (ODM2 
and CZO)
• Model component
• Composite resources xy
t
Demo





Software as a 
Service
Users
Based on slide from Norm Jones
Can we deliver GIS and Hydrologic Analysis 
functionality as services over the web?
Terrain Analysis
• Topography is fundamental to hydrology
• Watersheds are the most basic 
hydrologic landscape elements
• Topography dictates the flow of water 
across the landscape
• Flowing water sculpts the landscape 
• This synergy is at the heart of much 
hydrologic modeling relating to 
questions of runoff generation important 
for flooding and water resources
• Representing hydrologic processes at 
high resolution is important to help solve 
these problems
TauDEM is software for deriving hydrologically
useful information from Digital Elevation 
Models 
Raw DEM Pit Removal




• Stream and watershed delineation
• Multiple flow direction flow field
• Calculation of flow based derivative surfaces
• MPI Parallel Implementation for speed up and large 
problems
• Open source platform independent C++ command line 
executables for each function
• Deployed as an ArcGIS Toolbox with python scripts that 









Using TauDEM today requires
• Expertise in Hydrologic DEM analysis
• The software
– ArcGIS licenses (for ArcGIS plugin)
– The ability to install software
– TauDEM command functions with MPI installation
– Compilation for other platforms
• Sufficient Hardware (RAM and Disk)
• The data (GDAL formatted rasters with 
consistent grid size and spatial reference)






• MPI, distributed memory 
paradigm
• Row oriented slices
• Each process includes one 
buffer row on either side
• Each process does not 
change buffer row
• Improved runtime 
efficiency
• Capability to run larger 
problems
Open Topography Data and Product Selection
Open Topography Result 




Select the products you want
The wizard configures the sequence 
of functions to run to get the result
Results displayed in browser
Advancing Data Services for Modeling 
and Analysis
1. GIS and hydrologic modelers have to learn and 
become comfortable using a modern scientific 
programming language (e.g. Python or R)
2. Modeling is data intensive (large datasets from a 
range of sources) demanding more data and 
computing resources than is in most PC’s
3. Reproducibly installing and configuring models 
on different platforms is a challenge 
4. Should not have to become expert in HPC 
systems and learning them is a barrier to using 
HPC and research with big data and 
computationally intensive models
Assumptions




Python session on desktop but 
data and analysis on server
Utah Energy Balance Snowmelt Model
Mahat, V. and D. G. Tarboton, (2012), "Canopy radiation transmission for an energy balance snowmelt model," Water Resour. 
Res., 48: W01534, http://dx.doi.org/10.1029/2011WR010438. 
Used to address what are the impacts of land cover 
change on watershed snowmelt inputs
Example preparation of inputs for UEB 
using HydroDS Services
Use UEB to examine Sensitivity of SWE 
to Canopy removal





























1. A new, web-based system for advancing model 
and data sharing 
2. Access multiple types of hydrologic data using 
standards compliant data formats and 
interfaces 
3. Flexible discovery functionality 
4. Model sharing and execution
5. Facilitate and ease access to use of high 
performance computing
6. Social media and collaboration functionality










Thanks to the HydroShare team!
http://www.hydroshare.org
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